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OBJECT To clarify the effects of cold water immersion on the canine cardiac function
and how to prevent the immersed hypothermic ventricular fibrillation. METHODS 7 normal
male dogs, which were randomly divided into two groups, the experimental (3, each with
2.5mg/kg nimodipine) and the control (4), were immersed in cold water at 6 £ 1!. The
polygraph system was used to record the cardiac function and the transmission electron
microscope was involved to study the ultrastructure changes of myocardium. The activity
levels of Na*-K*-ATPase and Ca?-ATPase were measured by means of Elisa. RESULTS As
the canine core temperature going down, it was noted that the left ventricular pressure
peak value (LVSP), and the isovolumetric contraction phase maximal ascending/descending
velocity ( + dP/dt__ ) decreased evidently, with a prolonged Q-T duration, and that
hypothermic J waves were found subsequently. The activities of Na*-K*-ATPase and Ca?*-
ATPase were both inhibited. There came rapid ventricular arrhythmia with the control dogs,
while not with the experimental. CONCLUSIONS The hypothermia would result in the
weakening of canine cardiac function, moreover, the appearance of J wave might be followed
by the occurrence of hypothermic ventricular fibrillation. The results also suggested that
nimodipine might have a potential to prevent immersed hypothermic ventricular fibrillation.
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Hypothermia is subnormal tempera-
ture within the central body. The lowering
of the body temperature occurs as the
body is robbed of heat by the surround-
ings. Normal body core temperature is
37.0°C. Shivering and the sensation of
cold can begin when the body tempera-
ture lowers to approximately 35.8°C [1].
Amnesia can begin to set in at approxi-
mately 34.4°C. When the core temperature
drops below 32.2°C significant hypother-
mia begins, with unconsciousness at
30.0°C. Death may occur at approximate-
ly 26.1°C.

Immersion hypothermia should be
considered part of most dive accidents
and the boating accidents. Water con-
ducts body heat away up to 25-26 times
faster than air of the same temperature
[2]. When a person is immersed in cold
water, their skin and nearby tissues cool
rapidly, while it may take some minutes
before the temperature of the heart and

brain starts to drop. Hypothermia may be
mild, moderate, or severe. The presenta-
tion may range from shivering and pilo-
erection (“goosebumps”), to profound
confusion, irreversible coma and death.

On immersion in very cold water,
there is sudden hyperventilation, an invol-
untary gasp, and a varying amount of div-
ing response follows. The diving response
consists of a slowing of the heart beat, a
decrease or cessation of respiration and
a dramatic change in the circulation of the
blood with circulation only to the most in-
ner core of the body, the heart, lungs and
brain. Then dangerous life-threatening
heart rhythms develop which are hard to
reverse. Therefore, immersion hypother-
mia is a severe clinical syndrome [3].

Cold water immersion victims have
been fully resuscitated when treated care-
fully with a variety of rewarming tech-
niques ranging from warm blankets to
complete cardiopulmonary bypass tech-
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niques in major hospitals. However, once
there is a hypothermic ventricular fibrilla-
tion, it is hard to have a better treatment.
The mortality rate is between 60%-80%.
This work focused on the effects of cold
water immersion on the canine cardiac
function and on the prevention of im-
mersed hypothermic ventricular fibrilla-
tion.

1. Materials and methods
1.1. Experimental animals

7 male adult crossbred dogs of 1 to
2 years of age, weighing 20 to 25 kg each,
were obtained from the Center of Exper-
imental Animals, INM, China. The dogs
were randomly divided into two groups,
the experimental (n = 3) that received ni-
modipine (25 mg/25 ml) via cardiac cath-
eter before immersion and the control (n
= 4) that received no treatment. All animals
showed normal appearance and activity.
Animal surgical procedures and experi-
mental protocol were approved by the
Animal Care and Use Committee of INM,
China.

1.2. Equipments and reagents

The polygraph system (RM-6000)
was from Nihon Kohden; the transmission
electron microscope(H-700) was from Ja-
pan’s Hitachi Company; The UV-VIS spec-
trophotometer (756MC) was from Shang-
hai Third Analyses Instrument Factory, and
the measuring reagent kits were pur-
chased from Nanking Jiancheng Biologi-
cal Engineering Research Institute.

1.3. Animal model and Experimental
condition

The dogs were anesthetized with 5%
pentobarbital sodium (25 mg/kg body
weight, iv) before the whole body wimmer-
sion in 6 = 1 °C water. The rectal temper-
ature was monitored. The cold water im-
mersion was performed in Low Tempera-
ture Environmental Simulation System,
INM, China. The water temprature was 6
= 1 °C, while the environmental temprature
was 23 = 1 °C.

1.4. Cardiac function measuring

The polygraph system was used to
record the cardiac function, including 2-
lead electrocardiograms, heart rate, left
ventricular pressure peak value (LVSP), is-
ovolumetric contraction phase maximal
ascending/descending velocity (+ dP/dt-
, and hypothermic J waves.

max)

1.5. Myocardial ultrastructure observing

Fresh apical myocardial tissues (1
mm?3) were excised from the anterior wall
of the left ventricle at 4°C after ventricular
fibrillation. Tissues were fixed with 3% glu-
teraldehyde and postfixed with 1% osmi-
um tetroxide. After dehydration with a
graded series of ethanol concentrations,
the specimens were embedded in epon
resin. Ultrathin sections were stained with
lead citrate and uranyl acetate. The ultra-
structural changes of myocardial tissue
were observed under a transmission elec-
tron microscope (H.7000, Japan).

1.6. Assay of enzymatic activities

The activity levels of Na*-K*-ATPase
and Ca?'-ATPase were measured by
means of Elisa according to the instruc-
tion of the measuring reagent kits.

1.7. Statistical analysis

Data are shown as mean * SE unless
otherwise indicated. Statistical analysis
was performed using SPSS11.0 with T
test. P-values <= 0.05 were considered
significant.

2. Results
2.1. Occurring of ventricular fibrillation

The lead Il ECG were recorded be-
fore and during cold water immersion. The
ECG recorded before immersion was a
normal one without J wave (Fig.1A). When
the core temprature dropped to 35 °C, the
physiological indexes showed no signifi-
cantly abnomity. When the core tempra-
ture dropped to 25 °C, there came ventric-
ular block, wide QRS, long P-R interval,
elevated S-T Segment, and even J wave
(Fig. 1B). Then arrhythmia was noted, nor
did spontaneous ventricular fibrillation.
However, When the core temprature
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dropped down to 21 °C, there presented
ventricular fibrillation with a reduced int-
racardiac pressures and a near equaliza-
tion of diastolic and systolic pressures. All
the dogs of the control suffered from ven-
tricular fabrillation at about 21 °C, while
those of the experimental did not. The
ventricular fibrillation durations were 8, 7,
7 and 5 minutes relatively before the car-
diac arrest, while the core tempratures of
dogs were 21.3, 20.5, 20.0 and 19.0 °C ac-
cordingly. It suggested that short ventric-
ulat fibrillation might lead to a cardiac
arrest with lower core temprature.

2.2. Myocardial ultrastructure

Under transmission electron micros-
copy, the myocardial ultrastructure of the
dogs with ventricular fibrillation was mag-
nified 5000 and 10000 times, which
showed that sarcoplasmic reticulum lightly
enlarged in the exterior of muscle bundles.
Most mitochondria were found edema-like
or collapsed in appearance and some
even showed abnormal representation
such as vacuolization.

2.3 Change of cordis function indexes.

The RM-6000 polygraph system was
used to record the cordis function and the
cardiac physiological indexes are listed in
Table 1 and 2. Compared with the case it-
self before and after cold water immer-
sion, LVSP, +dP/dt__ reduced evidently (P
<0.050r P<0.01), while R-dP/dt__ rised
evidently (P < 0.01). Compared the exper-
imental with the control, there were an ob-
vious discrepancy, and when the core tem-
prature dropped to about 21 °C, there were

(A)

Fig. 1. The lead Il ECG before and during cold water im-
mersion. The arrow represents J wave.

(A), ECG before immersion;

(B), ECG at 25 °C core temperature

still an obvious difference with + dP/dt__ .

2.4. Activities of Na*-K*-ATPase and
Ca?-ATPase

The activities of Na*-K*-ATPase and
Ca?"-ATPase were measured by means of
Elisa before coldwater immersion and at
21 °C core temprature(Table 3). The data
showed that both of the activities of Na*-
K*-ATPase and Ca?'-ATPase decreased
evidently (P < 0.05) when immersion hy-
pothermia happened.at 21°C, which im-
plied the two ATPases were inhibited.
Compared with the control, the experi-
mental presented that the activities of Na*-
K*-ATPase descended evidently(P < 0.05),
while the activities of Ca*- ATPase had no
significantly difference(P > 0.05).

3. Discussion

Hypothermia is commonly found in
accidents on land and at sea, which can

result from exposure to a cold environment
(e.g., accidental drowning) or it can be in-

Fig. 2. Myocardial ultrastructure of dogs with ventricular fibrillation

(A), x 5000 times; (B), x 10000 times
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The cordis function index of the immersed hypothermic dogs (1)(x £ s)

appearance and some
even showed abnormal
representation such as

Table 1

LVSP: Left ventricular systolic pressure; R-dP/dtnax: R- maximal velocity of left ven-

tricular pressure

*P < 0.05; *P < 0.01 vs before immersion; “P < 0.05; ¥P < 0.01 vs control
- nated contraction of the

LVSP(mmHg) R-dP/dt . (ms vacuolization. This sug-
Groups Animals| Before 35°Cc | 25°C 21°C Ener:?er?- 35°C | 25°C 21°C geSted that COId tem-
immersion sion prarue might lead injury
e control| 4 1725+ [162,5¢[12925% 117 | [0,09 (0,101 |0,164%| 0195| 0 the myocardium sig-
150 | 16,6 | 27 | 51.86" || 0,037 | 0048 | 0081 | 0081" | ifisn iy
The ex- 3 1850+ 16171267 +/9333 | [ 015+ 0,145+ 0,156 +| 0,195 £ Y-
perimental 250 | 33,3 | 30,55 | 32,157 | | 0,04 | 0,022* | 0,026 | 0,04 Ventricular fibrilla-

tion is a condition in
which there is uncoordi-

Table 2
cardiac muscle of the
The cordis function index of the immersed hypothermic dogs (2)(x = s) . .
ventricles in the heart,
dP/dt,, ., (mmHg/s) -dP/dt..., (mmHg/s . .
Beofore Before making them quiver
Groups |Animals| . h

immer- | 35°C | 25°C | 21°C immer- | 35°C| 25°C |21°C| rather than contract
sion sion ; -
The controll 4 64,75+ [53,25/695+(20,25¢| | 39,25+ |425¢( 32,25+ 13,75 ¢ prc.)pe.rly. \_/entncular fi
189 | 197 | 31,2 | 05 20,1 28,7 | 1987 | 7,5° | brillation is a severely

The ex- 123,33+ (87,33 +/68,33 +| 56,67 + | | 85,00+ [4833+ 290+ | 16+
borimental | 3 231% | 3bo* | 768 | 1258 | 21,8 | 1607 | 1389" 693t abnormal heart rhythm

+ dP/dt,,,,: Maximal rise/fall velocity of left ventricular pressure
*P < 0.05; *P < 0.01 vs before immersion; *P < 0.05; *P < 0.01 vs control

Na‘-K'/Ca?*-ATPase activities of the hemocytes of the immersed hypothermic dogs

(arrhythmia) that can be
life-threatening. The
- Table 3 condition results in car-
diogenic shock, cessa-

(xts) tion of effective blood
Groups | Animals 0 e | Tic | bagremmsann | pg| Oroulation. and sudden
- - cardiac death will result
Control 4 78+21 54+25 69+22 53+22 | . .
in a matter of minutes.
Experimental 3 6,7+22 35:£2,1% 69123 40+21"| So ventricular fibrillation

*P < 0.05 vs before immersion; #P < 0.05 vs control

duced and used as a brain protection
strategy (e.g., therapeutic hypothermia).
The cold water immersion can result in hy-
potherima, with witch one common ECG
presentation is the J wave [4], which is re-
lated to the altered cellular activities dur-
ing hypothermia. In this experiment, there
were J waves observed in dogs subjected
to cold water immersion. The heart fre-
quently exhibited ventricular arrhythmia
after J wave. When the core temprarue
descended down to (21 = 2)!, there came
the ventricular fibrillation. Under transmis-
sion electron microscopy, the mycardial
ultrastructure of the dogs with ventricular
fibrillation presented that sarcoplasmic
reticulum lightly enlarged in the exterioer
of muscle bundles. Most mitochondria
were found edema-like or collapsed in

requires prompt Basic
Life Support interven-
tions.

With cold water immersion, the ap-
pearance of J wave and the ventricular fi-
brillation might be relative to Ca?* metab-
olism, as reported that the reduced sar-
coplasmic reticulum Ca?*-ATPase activity
is a major determinant of reduced con-
tractility in heart failure ®. The mecha-
nisms behind this include transient cellu-
lar Ca?* overload, or/and reduced avail-
ability of Ca?*-ATPase activity or a reduced
myofilament responsiveness to Ca?". Ni-
modipine is a 1,4-dihydropyridine calcium
channel blocker!®. The contractile pro-
cesses of smooth muscle cells are depen-
dent upon calcium ions, which enter these
cells during depolarization as slow ionic
transmembrane currents. Nimodipine in-
hibits calcium ion transfer into these cells
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and thus inhibits contractions of vascular
smooth muscle. Although the precise
mechanism of action is not known, nimo-
dipine blocks intracellular influx of calci-
um through voltage-dependent and re-
ceptor-operated slow calcium channels
across the membranes of myocardial, vas-
cular smooth muscle, and neuronal cells.
Nimodipine binds specifically to L-type
voltage-gated calcium channels. By inhib-
iting the influx of calcium in smooth mus-
cle cells, nimodipine prevents calcium-de-
pendent smooth muscle contraction and
subsequent vasoconstriction. In view of
the interesting combination of pharmaco-
logical effects as discussed above, it was
decided to test the putative efficacy of ni-
modipine in hypothermia.

In severe hypothermia, cardiac func-
tion variables were demonstrated in intact
dogs during surface cooling to 20 to 25°C
[7]. In this experiment, the ventricular
fabrillation occurred with all the dogs of
the control at about 21°C, while it did not
with the dogs of the experimental. During
cold water immersion, an increase in heart
rate was measured, and LVSP, = dP/dt__
reduced evidently (P < 0.05 or P < 0.01),
while R-dP/dt . and Q-T duration rised
evidently (P < 0.01), compared with the
case itself before and after cold water im-
mersion. Compared the experimental with
the control, there were an obvious dis-
crepancy, and when the core temprature
dropped to about 21°C, there were still an
obvious difference with £ dP/dt__ . These
observations indicate that cold water im-
mersion hypothermia induced a significant
cardiac function variables. By means of
Elisa, the activities of Na*-K*-ATPase and
Ca?*-ATPase were measured. It was found
that the activities of both ATPases de-
creased evidently (P < 0.05) at 21°C core
temprature, which implied the two ATPas-
es were inhibited. Compared with the con-
trol, the experimental presented that the
activities of Na*-K*-ATPase descended ev-
idently (P < 0.05), while the activities of
Ca*-ATPase had decreased but had no
significantly difference (P > 0.05). The

results suggest that nimodipinecan atten-
uates the activities of Na*-K*-ATPase and
Ca?-ATPase. It concluded that nimodipine
administration, when administered during
the early stage of hypothermia, would
prevent immersed hypothermic ventricu-
lar fibrillarion (21 °C).
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Pe3iome

XAPAKTEPUCTUKA ®dYHKLIN CEPLA
COBAK MPW TMNOTEPMIT, BUKJTKAHIA
3AHYPEHHAM B XOJ104HY BOAY

Yenrkcianr Jlei, [xiaHrxr LiHr,
faoyao Ci, Xyen YxaH Bervi4xy,
YxiroHa lNeH, Bern BaH.

Ina yTOYHEHHA HacnigkiB 3aHYpeEH-

ACTUAL PROBLEMS OF TRANSPORT MEDICINE +#4 (26), 2011




AKTYAJIbHBIE MPOBJIEMbI TPAHCMOPTHOW MEOVUMHbBI 4 Ne 4 (26), 2011 .

HA B XON1040HY BOoAy Ha dyHKUii cepus co-
Oak i 3anobiraHHs BUKIMKAHOI rinotep-
Mi€to PibpunALii WNYHOUKIB 7 HOPMaNbHUX
ncie, sKi 6ynm BUNagkoBUM YAHOM PO3[i-
NeHi Ha ABi rpynu (OOCNIAHY | KOHTPOJILHY),
Oynun 3aHypeHi B xonoaHy Boay npun 6 = 1
° C. TeapuHM eKcrnepuMeHTanbHOI rpynun
nonepegHbo oTpumanu 2,5 mr/kr Himogu-
niHy. [Anga 3anucy GyHKUiT cepus BUKOPU-
CTOBYBasnu cuctemy nonirpad. Ana gocn-
iXKEHHS yNbTPaCTPYKTYPU 3MiH Miokapaa
BUKOPUCTOBYBAN MPOCBIYYIO4y €1E€KTPOH-
HY Mikpockonito. PiBHi akTuBHOCTIi Na*/K*-
AT®dasn i Ca?-ATdasn 6ynu BUMIpSHi 3a
nonomoroto ELISA.TMpw naginHi Temnepa-
Typu Tina cobak 6yno Big3Ha4YeHoO, O
NiKoBe 3HAa4YEeHHS TUCKY NiBOro WyHO4YKa
(LVSP) Ta isoBontomeTpivyHa ¢pasa cKopo-
YEeHHS MaKCMMasibHOr0 3pPOCTaHHS/yby-
BaHHS WBUAKOCTI 3MeHwwunacs. AKTUB-
HocTi Na*/K*-ATdasu i Ca?*-ATda3n 3Hu-
xyBanucs. MNpn ubOMy y KOHTPOJIbHUX
cobak crocTepiranacs, a y AoCBigYeHux
He crocTepiranacs weugka LWiyHO4YKOBa
aputMmidq. lNokasaHo, WO rinoTepmia Mmoxe
npM3BecTn 0o ocnabneHHa PyHKLUii cep-
usa cobak, KpiM TOro, 3a NosaBo J XBuUnNi
MOXe MocnigyBaTn BAHUKHEHHS BUKMKA-
HOi rinoTepmielo PidGpuNALIi WAYHOUKIB.
Pesynbratn o03BONSAIOTE NPUNYCTUTK, LLLO
HiMOAOMNiH, MOX/IMBO, 30aTHUIM 3an0birTn
dibpunauii WNyHOUKIB, Ska BUKMKaHa
rinotepMielo.

KntoyoBi cnoBa: ¢yHKUIT cepusi, 0xX0/104-
XEHHSI 3aHYPEHHSIM Y BOAY, rinotepmis;
HUMOANMNH

Pe3iome

XAPAKTEPUCTUKA ®YHKL NN
CEPOUA COBAK NMPUN TMMNOTEPMUMN,
BbISBAHHOWN MOrPY>XEHMEM B
XOJ1I04HYIO BOAY

Yeunrkcunanr Jlen, xunaHrxr AuUHr,
Faoyao Cu, Xyaun YxaH Bau Yxy,
YUxnioH NoH, Bai BaH.

Onga yToO4HeHns nocneacTBuin no-
rPY>XEeHNA B XONO4HYI0 BOAY HAa PYHKLMN
cepaua cobak v npeaoTBpaLLEHNS Bbl3-

BaAaHHOW runotepmMmmein epubpunnnaunm
Xenyao4ykoB 7 HOpManbHbiXx kobenen,
KOTOopble OblN cny4anHbiM 06pa3om
pasgeneHbl Ha ABe rpynnbl (OMbITHYIO U
KOHTPOJIbHYIO), ObIIN MOrpyXeHbl B XO-
nogHyio sBogy npn 6 = 1 °C. XXnBoTHble
3KCNEepPUMEHTaNbHOM rpynnel Nnpeasapu-
TeNbHO nony4mnnm 2,5 Mr/Kr HUMognUNn-
Ha. Ona 3anucu pyHKUUK cepaua umc-
nonb3oBanm cuctemy nonurpad. Anga
ncecnenoBaHue ynbTpacTpykTypbl name-
HEHUN MMOKapAa UCNONb30Bann Npo-
CBEYMBAIOLLYIO 3NEKTPOHHYIO MNUKPOCKO-
nuio. YpoBHU akTuBHOCTU Na*/K*-ATda-
3bl U Ca?*-ATda3bl onpenenanu ¢ NoOMo-
wbio ELISA. MNMpun nageHun TemnepaTypsl
Tena cobak 6bII0 OTMEYEHO, YTO NUKO-
BOE€ 3Ha4YeHne JaBfieHus NeBoro Xeny-
noyka (LVSP) n nsosonwomeTpunyeckas
dasza cokpalleHns MakCuManabHOro BO3-
pacTaHnsa/ybbiBaHUS CKOPOCTU YMEHb-
wwunack. AktneHocTn Na*/K*-ATdaszbl u
Ca?*-ATdasbl cHuxanucb. MNpu aTOM Yy
KOHTPOJIbHbIX cobak Habnoganacb, a y
OMbITHbLIX HE Habnganack ObICTPas Xe-
nypo4ykosas aputmusa. NokasaHo, 4TO
rMNOTEPMUSA MOXET NPUBECTU K 0Cnab-
neHnio GyHkumm ceppua cobak, Kpome
TOro, 3a nosieieHnem J BOJIHbI MOXET
nocnenoBaTb BO3HUKHOBEHWE Bbl3BAH-
HOWM runoTepmMmmen Gmnbpunnaumm xeny-
D04YKOB. Pe3ynbraThl NO3BONLAIOT Npea-
NONIOXNTb, YTO HUMOAUMUH, BOSMOXHO,
cnocobeH npepoTBpatuTh Gubpunnsa-
LUN XENYO04KOB, BbISBBAHHbLIE TMMNOTEP-
Mnen .

KnoueBble cnioBa: ¢pyHKUnn cepaua,
oxnaxgeHuve rorpyxeHmnem B BoaAy;
rurnoTepmMusi; HUMoAaNNuH

Brniepsbie noctynuna B peaakumio 03.09.2011 r.
PekomeHgoBaHa k rnevyaty Ha 3acenaHum
penakumoHHON KOJIJIErny rnocsie PEeLEH3NPOBaHNS
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